Bacterial genomes encode a plethora of small RNAs (sRNAs), which are heterogeneous in size, structure and function. Most sRNAs act as posttranscriptional regulators by means of specific base pairing interactions with the 5 0 -untranslated region of mRNA transcripts, thereby modifying the stability of the target transcript and/or its ability to be translated. Here, we present RNApredator, a web server for the prediction of sRNA targets. The user can choose from a set of over 2155 genomes and plasmids from 1183 bacterial species. RNApredator then uses a dynamic programming approach, RNAplex, to compute putative targets. Compared to web servers with a similar task, RNApredator takes the accessibility of the target during the target search into account, improving the specificity of the predictions. Furthermore, enrichment in Gene Ontology terms, cellular pathways as well as changes in accessibilities along the target sequence can be done in fully automated postprocessing steps. The predictive performance of the underlying dynamic programming approach RNAplex is similar to that of more complex methods, but needs at least three orders of magnitude less time to complete. RNApredator is available at http://rna.tbi.univie.ac.at/RNApredator.
INTRODUCTION
Bacterial small RNAs (sRNAs) are very heterogeneous in size, structure and function (1). Despite notable exceptions, most sRNAs act as post-transcriptional regulators by interacting with the 5 0 -untranslated region of mRNA transcripts (2). Similar to miRNAs in eukaryotes, sRNAs may target more than one mRNA and, conversely, a mRNA may be targeted by more than one sRNA. In contrast to miRNAs, however, sRNAs may cause both down-and upregulation of its target (3-5). This effect depends on the exact location of the interaction region and its effect on the structure of the target mRNA.
Many approaches have been developed to find sRNA targets. BLAST was successfully used to identify targets for micC (6) and istR-1 (7). TargetRNA (8,9) implements a Smith-Waterman (10) recursion scoring the base pairing potential of two RNAs. A slightly more complex model is used by Mandin et al. (11) , where base pair stacks are scored according to the standard RNA folding energy model (12,13) and bulge penalties are optimized so that known interactions rank high.
More general approaches to describe RNA-RNA interactions based on the RNA folding energy model and consider the target site accessibility, like IntaRNA (14), RNAup (15,16) or biRNA (17) greatly improved sRNAtarget predictions at the cost of an increased computation time.
In this contribution, we present RNApredator, a web server dedicated to the genome-wide prediction of sRNA targets in bacterial genomes. The main machinery used by RNApredator is RNAplex (18,28), a new approach for RNA-RNA interaction search, which has a prediction accuracy similar to that of algorithms that explicitly consider intramolecular structures, but running at least three orders of magnitude faster than RNAup or IntaRNA. In addition to the improved run time, RNApredator offers the user a graphical overview of the accessibility around the target ribosomal binding sites upon sRNA binding, as well as a Gene Ontology enrichment analysis for a set of user selected gene of interest.
DESCRIPTION OF THE WEBSERVER

Functionality of RNApredator
For all annotated mRNAs in the selected target sequences, RNApredator computes several relevant interaction characteristics by launching RNAplex. Thanks to its ability of considering target accessibility, RNAplex reaches prediction accuracies similar to more complex and computationally much more demanding methods, while being at least three orders of magnitude faster than alternative methods considering target site accessibility (see Supplementary Data for more information). RNApredator is thus applicable to genome-wide sRNA target prediction.
After completing the computation of all candidate sRNA-target interactions, RNApredator returns a list of target sites sorted by the energy of interaction. In addititon, an enrichmenent analysis of GO terms is performed for all or a user-defined subset of the predicted interactions.
Furthermore, the influence of sRNA binding to its target on the accessibility of the ribosomal entry site can be studied with RNAup, predicting whether the sRNA will act as a positive or negative regulator at a particular target site (16).
Other tools
While a large number of tools are available for the prediction of miRNA targets in eukaryotes [for a review see (19) ], comparably little effort has been invested to characterize targets of sRNA regulators. At present, the only web server specifically advertized for target prediction in prokaryotes is TargetRNA (8,9), which implements a modification of the Smith-Waterman (10) dynamic programming algorithm that assesses base pairing potential instead of base homology. This is achieved with the help of a custom-tailored scoring system. Alternatively, TargetRNA can also be run with thermodynamic parameters for RNA folding (12,13), at the expense of a run time increased by at least a order of magnitude (8).
IntaRNA (14,20) also allows to search sRNA-mRNAs duplexes with a more realistic energy model (12,13) and an increased specificity owing to the inclusion of target and query secondary structures information. It can be used to be employed for target search in bacterial genomes. There is also a web server based on RNAup The most time consuming step in the interaction prediction is the computation of accessibilities along the bacterial genome. In order to speed up the calculation, we have precomputed the accessibility profiles for all genomes using RNAplfold (26,27).
BENCHMARK
RNApredator was benchmarked against TargetRNA for a set of 30 interactions retrieved from the literature. For each experimentally confirmed interaction, the number of better scoring interactions was computed for both prediction tools. The ranking procedure only considered interactions predicted to be located between position À150 and 100 and À30 and 20 relative to the start codon, respectively [see Table 1 . 73% of the interactions (22) ranked higher in RNApredator than in TargetRNA]. TargetRNA was used with an hybridization length of 1, with allowed G:U pairs and with a P-value threshold set to 100. The sRNA was always characterized as a new sequence. It should be noted that TargetRNA thermodynamic energy scoring was not able to return any result. For this reason, the benchmark/hlreports only the results for the sequence-based energy scoring.
The RNAup web server was not used in the benchmark as it is designed to give an in-depth understanding of the thermodynamics of a sRNA-mRNA interaction, rather than searching genome wide for putative targets. Furthermore, the important time complexity of RNAup algorithm impede it to return putative targets in a reasonable amount of time (see Supplementary Data). Still the users of RNApredator can use RNAup to study interactions of interest during the post-processing step of RNApredator.
DISCUSSION
RNApredator is a freely available web server that facilitates the search for putative sRNA targets in bacterial genomes. Predictions from RNApredator reach the Unique features of the RNApredator web server are the post-processing steps. The computation of accessibility changes of the target upon sRNA binding may help in deciding whether the target will be up-or downregulated. The GO term enrichment allows to further filter the targets in order to select genes that belong to the group of highly enriched terms.
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